INTRODUCTION
Longevity is one of the economically most important functional trait in dairy cattle populations. Nevertheless, the definition given to the term longevity is inconsistent in several literatures. It has been defined as the number of lactations completed (Ibeawuchi, 1984) , length of productive life (Arthur et al., 1992; Enyew et al., 1999) , the entire lifespan from birth until disposal from the herd (Chaudry and Shafiq, 1995) and survival to certain lactations (Brotherstone et al., 1997; Jairath et al., 1998) .
For a close observer, however, the entire lifespan of dairy cows is often partitioned in to two major time periods: (i) the costly period from birth to the first calving and; (ii) the following productive period from first calving to disposal from the herd. In most literatures, the entire lifespan is defined as longevity or total life and part of lifespan from first calving to disposal from the herd is defined as herd life. Productive life is usually defined as the total number of days that dairy cows stay in milking in their entire lifespan. This lifespan classifications patterns seem more informative and therefore, used throughout this report.
In any dairy cattle production enterprise, the lengths of life of a dairy cow have substantial impact on economic performance. Arthur et al. (1992) reported that longer lifespan in dairy cows allows producers to be more selective in choosing replacement heifers because only a few have to be chosen each year. Higher longevity also reduces the cost of herd replacements, increases the number of animals available for marketing, and increases the proportion of the high-producing, mature animals in the breeding herd (Arthur et al., 1992) . Besides, longer average life will lead to a higher proportion of cows in later high-producing lactations and therefore, increase lifetime productivity of dairy cows. Renkema and Stelwagen (1979) showed that an increased length of productive life from about three to four lactations increased milk yield per lactation or profit per year by 11 to 13% and higher percentage of calf crop will born and weaned.
Research evidences (Larroque and Ducrocq, 2001; Zavadilova et al., 2009) showed that type and linearly measured body traits as well as some of the dairy characters in dairy cattle poses negative influence on the length of productive life of a cow. However, in the lowinput low-output smallholder dairy production systems of the tropics, the lifespan of dairy cows is often decided not only by cow's milk yield, but also by the owner. For instances, Rufino et al. (2009) reported that evaluation of lifetime productivity is important to target interventions for improving productivity of smallholder dairy systems in the highlands of East Africa, because cows are normally not disposed off based on productive reasons, rather it is determined by feeding strategies and involuntary culling. In such systems, voluntary culling of dairy cows is rarely practiced because farmers that have few animals face difficulties to spread risk. Kebreab et al. (2005) also showed that lifetime productivity needs to be maximized to favor longer stay of cows in the herd. In the high-input dairy systems, however, culling policy is based mainly on unsatisfactory reproduction performance (Bagley, 1993) .
In Ethiopia, crossbreeding of indigenous cattle breeds with the commonly known exotic dairy breeds was started in the early 1970s by the National Agricultural Research System (NARS) with various outcomes (Beyene, 1992; Kefena et al., 2006; Sendros, 2002) . However, there is paucity of information on longevity traits and lifetime productivity of crossbred dairy cows. The objective of this study was, therefore, to evaluate longevity traits and provide baseline information on the lifetime milk and calf productivity of crossbred dairy cows with various levels of exotic gene inheritances in Ethiopia.
MATERIALS AND METHODS

Data sources
Data for this study was extracted from the dairy cattle crossbreeding experiment at Holetta Agricultural Research Centre (HARC), central Ethiopia. Holetta is located at 35 km west of Addis Ababa at 38.5ºE longitude and 9.8º N latitude and elevation of 2400 m above sea level. The average annual rainfall is about 1200 mm Effa et al. 139 and the average monthly relative humidity is 60.6%. Data used for this study were part of the national dairy cattle crossbreeding program that spanned over a period of 23 years from 1980 to 2003. Only cows that exit the herd due to voluntary culling such as reduced milk production, older age and involuntary culling such as accidents or health cases were considered. In either case, only cows that completed at least the first two lactations were included. This is because early culling of cows for other reasons, particularly for economic traits is regularly made at the first complete lactation or in the first three months of the second lactation. Lactation lengths of less than 60 milking days were also excluded from the final dataset based on the recommendation made by (Kiwuwa et al., 1983) . Records of animals with abnormal calving such as abortions were considered as incomplete lactation and excluded from the final dataset. The data were not censored and we used actual data sets that were collected over the entire lifetime of crossbred dairy cows.
Breeding plan and herd management
In Ethiopia, dairy cattle genetic improvement program was started in the early 1970s. Initially, two imported exotic sire semen sources, namely Friesian (F) and Jersey (J) were used to cross with local Boran (Bo) dam to produce the first generation (F1) crossbred dairy calves. Secondly, F1 bulls were selected based on dam milk yield and physical appearances to produce second generations (F2) crosses (Table 1) . Thirdly, semen from pure exotic breeds was used to produce high-grade cows whose level of exotic gene further rose to 75%.
All animals were subjected to almost similar feeding and management practices at the experiment station. They graze from 8:00 to 15:00 h daily on natural pasture of the farm. Up on return to the barn, they were supplemented with conserved hay and green grass harvested from natural pasture or cultivated forages crops as available. In addition, milking cows were supplemented with nearly 2 kg local concentrate feeds per day constituting 30% wheat bran, 31% wheat middling, 35% noug seed cake (Guizota absysinica), 3% bone and blood meal and 1% salt during milking. As the cows were kept for experimental purposes, culling procedures was less stringent and almost identical to the typical smallholder dairy production systems in Ethiopia (Table 1) .
Traits studied
Traits studied and the specific definitions used in this particular study were as follows: 
Statistical model and data analysis
A Generalized Linear Model (GLM) procedure of the statistical analysis system (SAS, 2004) package was used to analyze the Moreover, ages at first calving (AFC) was also computed for each genetic group to observe its influence on the lifetime milk and calf crop production. AFC was estimated by fitting the data to fixed effects of linear model that consisted of genotype of the cow as follows:
Where; Yij = Age at first calving of i th heifer of j th genetic group;  = the overall mean; Bi = the effect of i th genetic group; eij = the random error associated with ij th observation and assumed to be normally and independently distributed (NID) (0,  2 e).
RESULTS
Longevity traits
Brief results of least square means± s. e. for various longevity traits, lifetime milk yield and calf crop produced by each genetic group as well as age at first calving are summarized in Table 2 . The overall least squares means ± s. e. for the entire lifespan of various crossbred dairy cows was 4036 ± 126.3 days, (about 11 years). Statistically significant variation (P<0.05) were observed among different genotype for TL, HL and PL. The result underscores the fact that there was a declining trend in total lifespan or longevity of dairy cows as the level of Friesian gene inheritances increased from 50 to 75%. On the contrary, however, high-grade Jersey crossbred dairy cows had longer stayabilty in the herd, which was almost closer to F 1 Friesian crossbred dairy cows. First generation Jersey (F 1 ) crosses had significantly longer HL (P<0.05) as compared to any crossbred genotypes considered in this study. Moreover, F 1 F x Bo crosses and crosses with 75% Jersey inheritance had similar HL in the herd indicating their adaption to the lowinput low-output dairy production systems in the tropics. Significantly shortest HL (P<0.05) was observed in second generation (F 2 ) crosses and crosses with 75% Friesian inheritance (Table 2) . F 2 JxBo crosses had about 248 days longer herd life than F 2 FxBo demonstrating that Jersey crosses are superior in all the longevity traits and stay longer in the herd as compared to Friesian crosses.
Likewise, F 1 J x Bo crosses had significantly longer (P<0.05) productive life followed by F 1 Frisian crossbred cows and crosses with 75% Jersey inheritances as compared to their contemporary genetic groups. On the other hand comparison between F 2 crosses showed that F 2 JxBo had about 120 days shorter PL than F 2 FxBo (Table 2) indicating the fact that Jersey crosses had shorter lactation length regardless of their relatively longer stayability in the herd. It is also important to note here that genetic groups with extended age at first calving had poorer lifetime performances as compared to early calving genetic groups (Table 2) .
Lifetime milk yield and calf crop production
The overall LTMY for the entire crossbred groups and its distribution over different longevity traits is indicated in Table 2 . Lifetime milk yield was highly influenced by cow's genotypes (P<0.01). Similar to the longevity traits, the highest LTMY was observed in F 1 crosses with the highest LTMY in F 1 JxBo followed by F 1 FxBo and crosses with 75% of Friesian and Jersey inheritances. The lowest LTMY was observed in second generation (F 2 ) crosses. In all the traits investigated, first generation crosses particularly F 1 JxBo were superior in most of the desirable dairy traits. For instances, LTMY in F 1 JxBo exceeds LTMY in F 1 FxBo, F 2 FxBo and F 2 JxBo by about 5.7, 58.1 and 98.7%, respectively. Moreover, when LTMY distributed over the entire lifespan of the cows, F 1 crosses were more productive and dominant over all genetic groups whereas second generation crosses remained inferior. When LTMY is distributed over HL and PL, the highest index was observed in 75% Friesian inheritance followed by F 1 crosses (Table 2 ). Yet, it is important to note that second generation crosses remained inferior when LTMY is distributed over HL and PL. Lifetime milk yield severely declined in F 2 crosses. For instances, reduction in LTMY from F 1 JxBo to F 2 JxBo was to the extent of 50%. Similarly, decline in LTMY from F 1 FxBo to F 2 FxBo was up 33%. The overall calf crop produced for the entire herd was 5.7 ± 0.2 (Table 2) . First generation crosses and crosses with 75% Jersey inheritance completed more number of lactations, i.e. produced more number of calf crops in their lifetime. However, the lowest number of lactation completed was recorded in 75% Friesian inheritance.
DISCUSSION
Evidences show that, for decades, selection in dairy cattle has dealt almost exclusively with production traits. Nowadays, traits like functional longevity are one of the increasingly growing concerns among dairy breeders because of its association with production costs (Arthur et al., 1992) . Therefore, evaluation of some of the longevity and lifetime milk and calf crop productivity traits of crossbred dairy cattle with various levels of exotic inheritances would support producers make informed decisions to keep or cull dairy cows.
Literally, there are no sufficient and comprehensive research reports on the longevity and lifetime milk and calf crop productivity of crossbred dairy cows in Ethiopia. Available report shows that the mean disposal age in the present study is by far longer than the estimate reported in Enyew et al. (1999) for crossbred dairy cows in Ethiopia. They reported that the mean longevity of Arsi crossbred cows with 50, 75 and 87.5% European inheritance was 6.02 ± 0.4 years. Interestingly, they also reported that there were no differences among the crossbred dairy cows with respect to the length of time they stayed in the herd, which is practically unrealistic. Such controversial results may be attributed to the way data was analyzed and sample size considered for each genetic groups. Decline in the lifespan of crossbred dairy cows in tropical climates with an increase in the level of exotic gene beyond 50% was reported in Vaccaro (1990) . She noticed that under the Brazilian dairy crossbreeding experiment, there was a tendency of reduction in longevity traits as the level of exotic gene incorporation exceeds 50%. Higher association between longer lifespan of dairy cows and number of lactations completed is useful to obtain more replacement heifers. Lower number of lactation completed in high-grade Frisian crossbred cows might be attributed to their relatively shorter lifespan in the herd. Several other studies (Kiwuwa et al., 1983) reported that high grade cows are characterized by longer calving interval that possibly extend inter-calving interval. Moreover, higher productivity per lactation with inadequacy of meeting the nutritional demand with large body size might have also contributed to the delayed resumption of reproductive activity, which cause delay in estrus and hence resulted in fewer numbers of calves produced or lactations completed in the lifetime of highgrade Friesian dairy cows.
Apparent variability in the length of HL among the crossbred dairy cows might be attributed to the noticeable differences in age at first calving. For instances, both Friesian and Jersey F 2 crosses were characterized extended age at first calving that apparently reduces HL. Other reports (Sendros, 2002; Kefena et al., 2006) showed longer age at first calving, longer days open and longer calving interval in F 2 crosses in Ethiopia. Longer HL in F 1 crosses particularly in F 1 JxBo and crosses with 75% Jersey inheritance indicates that these genetic groups calve earlier, stay for longer period of time in the herd and completed more number of lactations. Moreover, it is an indication of the fact that Jersey crosses are taking the advantage of smaller body size in adapting to the prevailing environmental variables and, therefore, stayed in the herd for a longer period and avoid early culling. Almost similar patterns have been observed in the case of PL.
Lifetime milk and calf productivity
It is indisputable that lifetime milk yield and calf crop production in dairy cows depend on longevity traits, genotypes, management practices and other intrinsic and extrinsic factors. Overall, we noticed that Jersey crossbred dairy cows perform better in most lifetime traits, and in some cases similar to Friesian crosses. This indicates that Jersey crosses are an appropriate genotype for dairying, particularly under low-input low-output dairy production systems.
Higher LTMY observed in F 1 crosses particularly in F 1 JxBo, shows better efficiency of these genotypes for economic traits, longer stay in the herd and adaptation to the prevailing management practices. Moreover, F 1 crosses probably take the advantage of hybrid vigor that arises by crossing two genetically distant populations. Second-generation crosses suffer reduction in hybrid vigor by half than first generation crosses due to segregation and recombination losses (Falconer and Mackay, 1996; Majid et al., 1996; Syrstad, 1996; Cunningham and Syrstad, 1987; Sendros, 2002) . Loss of hybrid vigor is the underpinning genetic factor for reduced performances in F 2 crosses. Moreover, poor selection standards to select F 1 bulls for inter se mating may also greatly contributed free fall in the lifetime performances.
Decline in the overall productivity, particularly in LTMY was noticed as the level of Frisian genes increased beyond 50%. This implies further incorporation Friesian gene might not be resulted in increased lifetime productivity unless the levels of management practices are simultaneously improved. The consistently better performance noticed in F 1 crosses of both Friesian and Jersey is consistent with several other reports. McDowell (1988b) revised crossbreeding results from 25 countries of the tropics involving 57 genetic groups, 15 native breeds and 7 European breeds and reported that F 1 crosses had considerable benefits. They calve earlier, yielded more milk (147%), were milked for more days and had shorter calving interval. Other reports (Kiwuwa et al., 1983; Beyene, 1992; Kefena et al., 2006) agree well with the present results.
Conclusion
Brief overview and estimates of the traits considered in this study (longevity traits, lifetime milk and calf crop productivity) reveals that first generation crossbred dairy cows, particularly those crossed with Jersey semen outperforms their Friesian counterparts. Indeed, Friesian dairy breed is one of most popular dairy breed that outperforms Jersey under ideal production environments. However, higher performances of Jersey crosses underscore their adaptive capability to harsh environment, even with higher level of gene incorporation beyond 50%. On the other hand, this reflects unmet management practices for high yielding Friesian crosses as well as susceptibility to some of the prevailing climatic variables. Drastic decline in lifetime performances of F 2 crosses reiterates continuous reduction in hybrid vigor and recombination losses in inter se mate F 1 populations. F2 crosses are not appropriate genotype of choice for dairy production.
